ical characters may provide valuable information for taxonomic classification, the characters used in distinguishing different taxa may not be homologous structures and thus may not contain phylogenetic signals. Thus, the taxonomic classification of clawed lobsters may not reflect the phylogenetic relationships of the group. Homologous structures need to be defined and applied in making phylogenetic inferences (Tshudy, 1993) ; homoplasy of characters, such as convergence and parallelism, produce noise and mislead data analysis. Depending on the degree that some morphological characters are convergent, phylogenetic inferences may be compromised. This concern applies to inferences about fossil nephropids as well.
Molecular characters, particularly DNA sequence data, provide an independent data set with which to construct phylogenetic hypotheses (Hillis et al., 1996) . Molecular studies of phylogenetic relationships among clawed lobsters are limited. Chu et al. (1990) studied enzyme polymorphism in three species of Metanephrops in Taiwan. Hedgecock et al. (1977) examined the genetic variation between Homarus americanus H. Milne Edwards, 1837, and H. gammarus (Linnaeus, 1758) by using allozyme data. The present study, using molecular characters as an alternative approach to morphology, provides independent clues about the phylogeny of the clawed lobsters. By using universal primers within a conservative region in the mito-138 Table 1 . Species studied and the sampling localities.
Species
Infraorder Abbreviations Sampling locality chondrial genome, a homologous DNA segment from all the taxa can be amplified and compared. A now conventional source for DNA sequences is the mitochondrion (Avise, 1994) , an organelle that contains multiple copies of a small, maternally inherited genome, mitochondrial DNA (mtdna). MtDNA sequences were used to define taxonomic relationships among species of Homarus and distinguish from them the genus Homarinus Komfield, 1995, the Cape lobster of South Africa (Kornfield et al., 1995) . The 16S ribosomal RNA (rRNA) gene in the mitochondrial genome contains conservative regions which have been used in many phylogenetic studies at generic and higher taxonomic levels for a wide variety of organisms (Hillis et al., 1996) . Recently, Crandall and Fitzpatrick (1996) used a mitochondrial 16S rRNA gene sequence to study the relationships of crayfishes. The present study examined relationships among five of the 11 extant genera of the family Nephropidae by comparing partial sequences of the mtl6S rRNA gene. Our objective was to compare phylogenetic hypotheses based on this molecular data set to the current taxonomy based on morphological features. DNA was prepared from samples of muscle from the abdomen or pereiopods. MtDNA was prepared by phenol/chloroform extraction of proteinase-K-digested tissues (Ausubel et al., 1989 ). The DNA templates were then subjected to polymerase chain reaction (PCR) (Saiki et al., 1988) , using standard protocols (Palumbi et al., 1991) . A 570-base-pair (bp) region within the mtl6S rRNA (16S) gene was amplified using primers 16SA (5'CGC-CTGTTTATCAAAAACAT3') and 16SB (5'CTCCG-GTTTGAACTCAGATC3') (Xiong and Kocher, 1991). PCR amplification was performed using 30 cycles of 94?C, 30 s / 50?C, 60 s / 72?C, 90 s; the initial denaturation step at 94?C lasted 5 min and the final extension step at 72?C lasted 10 min. Double-stranded PCR products were subjected to asymmetric PCR from both 5'-direction to generate templates for dideoxy sequencing (Sanger et al., 1977) , using 35 cycles of the same PCR conditions. Prior to sequencing, PCR products were purified by filtration through Millipore Ultrafree-MC regenerated cellulose membrane filters of 30,000 nominal molecular weight limit (NMWL) (Millipore Corporation).
MATERIALS AND METHODS
Sequences were aligned using ESEE (Cabot and Beckenbach, 1989) . Secondary structures of the partial mtl6S rRNA gene sequences were inferred using Mulford (Jaeger et al., 1989) to assure homologous sequence alignment. Sequences without 2 highly variable regions (Parker and Kornfield, 1996) were subjected to all data analyses (Fig.  1) . A matrix of sequence divergence using Kimura's twoparameter method (Kimura, 1980 ) was generated and subjected to neighbor-joining analysis using MEGA (Kumar et al., 1993) . Five hundred bootstrap replicates were performed to access the confidence level at each branch (Felsenstein, 1985) . Maximum-likelihood trees were constructed using the program DNAML in PHYLIP, Version 3.5 (Felsenstein, 1993) . Parsimony analysis was conducted using the exhaustive search option in PAUP Version 3.1.1 (Swofford, 1993) ; alignment gaps were included as characters and only phylogenetically informative characters (Hillis et al., 1996) were used. To assess the heuristic confidence in the parsimony trees generated by PAUP, 2,000 bootstrap replicates were performed. In order to compare the effects of including and excluding the 2 highly variable regions, all available data (i.e., 474 bp) were also subjected to maximum-parsimony analysis using PAUP as described above. Different tree topologies were compared by using the user-defined tree function in MacClade, Version 3 (Maddison and Maddison, 1992 excluded from all subsequent data analyses. rRNA gene were sequenced from all individu-In all, about 350 nucleotides were used for data als (Fig. 1) . All sequences have been deposited analysis. Table 2 presents estimates of pairwise in GenBank (accession numbers U11238, sequence divergence of all taxa using the twoUl 1247, U55843, U96083-U96089). In Fig. 1, parameter method of Kimura (1980) . Among the over-scored regions represent two highly the clawed lobsters, Nephropsis and Metanevariable segments within the amplified se-phrops were quite divergent genetically (>7%) quences. Since the secondary structures of from the other taxa. However, the extent of all other clawed lobsters. This relationship was not resolved in the neighbor-joining analysis (BP = 47%). Maximum-likelihood analysis also yielded a consistent tree topology as did both maximum-parsimony and neighbor-joining analyses, after collapsing branches whose confidence limits overlapped zero. In order to see the effect of including the two highly variable regions on the outcome of the cladistic analysis, all available data (i.e., 474 bp of the mtDNA 16S gene) were subjected to maximum-parsimony analysis using PAUP under the same settings as the analysis without the highly variable regions. The maximum-parsimony analysis yielded four shortest trees of tree length and consistency index equal to 316 and 0.668, respectively. The next four shortest trees have tree lengths of 317. The consensus tree is identical to the consensus tree which resulted from the analysis without the highly variable regions. However, the inclusion of these highly variable regions did not improve the resolution of the cladogram.
In summary, the various data analyses yielded identical tree topologies in which a strong (BP = 93-99, Figs. 3, 4, respectively) clade was formed by the two species of Homarus and Nephrops, although suggested relationships among these three taxa within the clade (Table 2) In cladistic analysis, homology is a critical requirement. Tshudy (1993) examined 40 morphological characters for cladistic analysis of the clawed lobster families Chilenophoberidae and Nephropidae. Twenty-nine of the 40 characters were informative phylogenetically. Among these 29 informative characters, only nine were reliable indicators of phylogeny (i.e., were not homoplasic). Tshudy's (1993) cladistic analysis suggests that the existing, intuitive suprageneric classification of clawed lobsters is phylogenetically incorrect. The present study, which used molecular characters as an alternative approach to morphological characters, provides independent clues about the phylogeny of clawed lobsters.
The most parsimonious molecular trees (Fig. 3) Paleontologists use morphological characters and stratigraphic records of extinct and extant taxa to construct phylogeny. However, there are many limitations on the use of fossils, including limited number of specimens, the degree of preservation or completeness of the fossils, and the difficulty in identifying homologous characters for comparison. Therefore, additional approaches are needed. While molecular approaches may not be generally applicable to fossil crustaceans, both morphological and molecular approaches should be applied, if possible, when constructing phylogenies. Parker (1997) gave an enlightening discussion of the advantages and disadvantages of using either morphological or molecular approaches to phylogenetic studies, as well as the utility of the combined approach. De Queiroz et al. (1995) gave a comprehensive review of arguments in favor of each of these views. The "total evidence" approach is currently debated, and it is unclear whether different sets of data should be analyzed separately or combined and analyzed simultaneously. It has been argued that combining data sets can enhance detection of real phylogenetic groups. However, combined analyses may also give misleading results when there is heterogeneity among data sets.
In 
